In this paper, we consider well-posedness of symmetric vector quasi-equilibrium problems. Based on a nonlinear scalarization technique, we first establish the bounded rationality model M for symmetric vector quasi-equilibrium problems, and then introduce a well-posedness concept for symmetric vector quasi-equilibrium problems, which unifies its Hadamard and Tykhonov well-posedness. Finally, sufficient conditions on the well-posedness for symmetric vector quasi-equilibrium problems are given.
tor variational inequality problems [, ] , and vector equilibrium problems [-, ]. Among many approaches for dealing with Tykhonov types well-posedness for vector optimization problems, vector variational inequality problems, and vector equilibrium problems, the nonlinear scalarization technique is of considerable interest. On the other hand, almost all the literature deals with directly specific notions of well-posedness, especially Tykhonov types of well-posedness, while some researchers have investigated a unified approaches to two different types of well-posedness. For one thing, the notion of extended well-posedness for vector optimization problems has been investigated in [] . In some sense this notion unifies the ideas of Tykhonov and Hadamard well-posedness, allowing perturbations of the objective function and the feasible set. For another, wellposedness under perturbations (called also parametric well-posedness) for vector equilibrium problems has also been investigated in [] . This kind of well-posedness is a blending of Hadamard and Tikhonov notions, and it gives also links to stability theory and seems well adapted to describe the behaviors of solutions under perturbations.
In this paper, we will introduce a well-posedness concept for (SVQEP), which unifies its Hadamard and Tykhonov well-posedness. The distinguishing feature of our work lies in the use of the scalarization technique and the bounded rationality model M (see [-] ) to establish well-posedness results of (SVQEP). It is worthy that our research method is different from extended well-posedness and parametric well-posedness. Finally, by using the conditions of the existence theorem of the solutions to (SVQEP) (see [] ), we obtain sufficient conditions of the well-posedness for (SVQEP).
Preliminaries
Throughout this paper, unless otherwise specified, let C and D be a compact metric space supplied with distance d  , d  , respectively. Let (Z, · ) be a Banach space and P be a nonempty, closed, convex, and pointed cone in Z with apex at the origin and int P = ∅.
Let S : C × D ⇒ C and T : C × D ⇒ D be two set-valued mappings and F, G : C × D → Z be two vector-valued mappings. Fu [] defined a class of symmetric vector quasiequilibrium problems (for short, SVQEP), which consist in finding (x, y) ∈ C × D such that
and
Now we introduce the notion of Tykhonov approximating solution sequence for (SVQEP).
Next, we introduce a nonlinear scalarization function and their related properties. For any fixed e ∈ int P, the nonlinear scalarization function is defined by
It is well known from [-] that ξ e is continuous, homogeneous, (strictly) monotone (i.e., ξ e (z  ) ≤ ξ e (z  ) if z  -z  ∈ P and ξ e (z  ) < ξ e (z  ) if z  -z  ∈ int P) and convex. For any fixed e ∈ int P, z ∈ Z, and r ∈ R, then ξ e (z) ≥ r is equivalent to z / ∈ re -int P.
Remark . Note that the nonlinear scalarization function ξ e is not strongly monotone (see [] ). It is for the reason that the function ξ e is more useful in dealing with weakly efficient points.
Finally, we recall some useful definitions and lemmas. Let (X, d) be a metric space. Denote a family of all nonempty compact subsets of X by . F is said to be upper semicontinuous at
F is said to be an usco mapping if F is upper semicontinuous and F(x) is nonempty compact for each x ∈ X; . F is said to be closed if Graph(F) is closed, where
Lemma . (see []) If F : X ⇒ Y is closed and Y is compact, then F is upper semicontinuous at each x ∈ X.

A unified approach to notions of well-posedness for (SVQEP)
Let Λ be the collection of all problem
, and ().
where h  , h  are Hausdorff metrics on K(C) and K(D), respectively. By Proposition . in [] , it is easy to prove that (Λ, ρ) is a complete metric space.
corresponding to λ ∈ Λ is defined as follows:
is a metric space and (X * , d) is a compact metric space;
(ii) the feasible set of λ is defined by
(iii) the solution set of λ is defined by
(iv) the rationality function of λ is defined by 
and, for any (u, v) ∈ C × D,
Then it is easy to see that
-ξ e (y -v) .
. For any λ ∈ Λ, one has
. It is easy to check that (x, y) ∈ E(λ) if and only if Φ(λ, x * ) = . Moreover, taking x = ,
. ∀λ ∈ Λ, Φ(λ, x * ) ≤ if and only if x * meets () and ().
T(x, y) and
. If x * meets () and (), then ξ e F(u, y) -F(x, y) ≥ -, ∀u ∈ S(x, y) and ξ e G(x, v) -G(x, y) ≥ -, ∀v ∈ T(x, y).
Thus, we have
Conversely, if Φ(λ, x * ) ≤ , then we get -ξ e F(u, y) -F(x, y) ≥ , ∀u ∈ S(x, y)
and -ξ e G(x, v) -G(x, y) ≥ , ∀v ∈ T(x, y).
It follows that
F(u, y) -F(x, y) + e / ∈ -int P, ∀u ∈ S(x, y)
G(x, v) -G(x, y) + e / ∈ -int P, ∀v ∈ T(x, y).
Hence, x * meets () and ().
. Using the above results, this result can be obtained.
Let x * n = (x n , y n ) and x * n k = (x n k , y n k ). By Lemma ., we get some new representations on ()-() as follows:
Therefore, the set of solutions for the problem λ ∈ Λ and λ n ∈ Λ (n = , , , . . .) is defined as
The Tykhonov approximating solution set for the problem λ ∈ Λ and λ n ∈ Λ (n = , , , . . .) is defined as
Tykhonov well-posedness for (SVQEP) corresponding to the problem λ is given as follows.
, then the problem λ is said to be generalized Tykhonov well-posed (for short GT-wp).
then the problem λ is said to be Tykhonov well-posed (for short T-wp).
Referring to [], Hadamard well-posedness for (SVQEP) corresponding to the problem λ is defined as follows.
, then the problem λ is said to be generalized Hadamard well-posed (for short GH-wp).
then the problem λ is said to be Hadamard well-posed (for short H-wp).
Finally, we establish a well-posedness concept for (SVQEP) corresponding to the problem λ, which unifies its Hadamard and Tykhonov well-posedness.
, then the problem λ is said to be generalized well-posed (for short G-wp).
* , then the problem λ is said to be well-posed (for short wp).
Sufficient conditions for well-posedness of (SVQEP)
Assume that the bounded rationality model M = {Λ, X * , f , Φ} for (SVQEP) is given. In order to show sufficient conditions for well-posedness of (SVQEP), we first give the following lemmas.
Lemma . f : Λ ⇒ X * is an usco mapping.
Proof Since X * is a compact metric space, by Lemma ., it suffices to show that Graph(f ) is closed. That is to say, ∀λ n ∈ Λ, λ n → λ ∈ Λ, ∀x * n ∈ f (λ n ), x * n → x * , we need to show that
we get x n → x. Note that set-value mapping S is continuous on X * , then we get
By compactness of S(x, y), we have x ∈ S(x, y). Similarly, we can prove that y ∈ T(x, y).
Hence, (x, y) ∈ (S × T)(x, y). It shows that x * ∈ f (λ).
Lemma . (see [, ])
Suppose that f : Λ ⇒ X * is a usco mapping. Then, for any λ n → λ and any x * n ∈ f (λ n ), there is a subsequence {x * n k
Lemma . Φ is lower semicontinuous at (λ, x * ).
Proof We only need to show that ∀ > ,
By the definition of the least upper bound, there exists u  ∈ S(x, y) such that
Note that sup (x,y)∈C×D h  (S n (x, y), S(x, y)) →  and h  (S(x n , y n ), S(x, y)) → , we have
Using continuity of ξ e and (), we have
By (), there exists a positive integer N  such that, for any n ≥ N  ,
From () and (), for any n ≥ N  , we get
Similarly, we can prove that there exists a positive integer N  such that, for any n ≥ N  ,
Let N = max{N  , N  }, ∀n ≥ N , by () and (), we get (), that is,
Finally, we give sufficient conditions for G-wp and wp of (SVQEP) corresponding to λ ∈ Λ. Theorem . . Every λ ∈ Λ is G-wp. . Let λ ∈ Λ and suppose furthermore E(λ) = {x * } (a singleton), then λ is wp.
Proof . ∀λ n ∈ Λ, λ n → λ, ∀x * n ∈ E(λ n , n ), n >  with n → , then we have x * n ∈ f (λ n ) and Φ(λ n , x * n ) ≤ n . First, by Lemma . and Lemma ., if λ n → λ, then there exists {x * n k } ⊂ {x * n } such that x * n k → x * ∈ f (λ). Secondly, by Φ(λ n , x * n ) ≤ n and Lemma ., we have 
